Background: Treatment options are limited for patients with recurrent or metastatic squamous cell carcinoma of the head and neck (HNSCC) following progression after first-line platinum-based therapy, particularly in Asian countries.
Introduction
Currently, the most common first-line treatment option for recurrent/metastatic head and neck squamous cell carcinoma (HNSCC) is platinum-based chemotherapy, which, in some regions including the United States and European Union, can be combined with the epidermal growth factor receptor (EGFR)targeted monoclonal antibody cetuximab. However, $50% of patients relapse after first-line therapy and prognosis for these patients is particularly poor [1] . Second-line treatment options are limited but commonly include methotrexate, taxanes, and rechallenge with platinum-based chemotherapy. Cetuximab monotherapy and, more recently, the immunotherapy agents nivolumab and pembrolizumab are approved in some countries [2] , but response rates to these agents as second-line treatment remain low [3À5] and many patients, particularly those in Asian countries, cannot access such treatments. Furthermore, recent data indicate that immunotherapy agents are likely to be increasingly used in the first-line rather than second-line setting [2] . Consequently, alternative second-line treatment options are needed.
The feasibility of targeting the EGFR in HNSCC was first demonstrated with cetuximab [1] , and encouraging results have been observed with the oral irreversible ErbB family blocker, afatinib, in a second-line setting. In a phase II study, afatinib demonstrated comparable efficacy to cetuximab as subsequent therapy in patients with recurrent/metastatic HNSCC [3] . In the global, phase III LUX-Head & Neck 1 study, second-line afatinib significantly prolonged progression-free survival (PFS) versus methotrexate in patients with recurrent/metastatic HNSCC progressing on or after platinum-based chemotherapy [hazard ratio (HR) 0.80; 95% confidence interval (CI) 0.65-0.98; P ¼ 0.030] [6] . Notable benefit with afatinib versus methotrexate was seen in patients who had not received a prior EGFR-targeted antibody and in those with p16-negative disease.
More than 55% of global HNSCC cases are reported in Asia [7] . Most cases of HNSCC in Asian patients are p16-negative disease, with previous studies reporting that only 21%-25% of cases are human papilloma virus (HPV)-positive [8, 9] . In contrast, rates of 50%-70% are reported in the United States and Europe [10] . Combined with the limited availability of cetuximab and immunotherapy agents, this provides a rationale for the use of afatinib in Asian patients. Here, we compared second-line afatinib and methotrexate in Asian patients with recurrent/metastatic HNSCC. & Neck 3 was a randomised, open-label, phase III study done  at 53 centres in eight countries (China, India, Korea, Thailand, Egypt, Taiwan, Hong Kong, and the Philippines). Eligible patients were aged !18 years with histologically/cytologically confirmed recurrent/metastatic squamous cell carcinoma of the oral cavity, oropharynx, hypopharynx, or larynx, unamenable for salvage surgery or radiotherapy. All patients had an Eastern Cooperative Oncology Group (ECOG) performance status of 0/1, adequate organ function, and had documented progressive disease after platinum-based chemotherapy based on investigator's assessment. Previous treatment with EGFR-targeted antibody therapy (but not EGFR-targeted tyrosine kinase inhibitors) was allowed. The study was conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice guidelines as defined by the International Conference on Harmonization. All patients provided written informed consent.
Methods

LUX-Head
Patients were randomised (2 : 1) to receive oral afatinib (40 mg once daily) or methotrexate (40 mg/m 2 /week; intravenous bolus injection), stratified by ECOG performance score (0 versus 1) and prior use of EGFR-targeted antibody therapy in the recurrent/metastatic setting (yes versus no) at baseline. Treatment continued until disease progression confirmed by imaging, adverse events (AEs) requiring treatment discontinuation, or other reasons necessitating withdrawal.
The primary end point was PFS, assessed by independent central review blinded to treatment allocation (supplementary material, available at Annals of Oncology online). Secondary end points included overall survival (OS), objective response rate [ORR, Response Evaluation Criteria in Solid Tumours (RECIST) version 1.1], health-related quality of life (HRQoL) and safety.
The study was designed to demonstrate a PFS benefit of afatinib over methotrexate. A total of 274 progression/death events were needed to achieve 80% power with a one-sided type-I error a ¼ 0.025, assuming a median PFS of 3.0 months with afatinib and 2.1 months with methotrexate [3, 11] . The study was not powered to detect statistically significant differences in OS. Further details on the methods are provided in the supplementary material, available at Annals of Oncology online. The study is registered at ClinicalTrials.gov, NCT01856478.
Results
Between 11 June 2013 and 10 February 2018, 340 patients were enrolled and randomly assigned to receive afatinib (228 patients) or methotrexate (112 patients; supplementary Figure S1 , available at Annals of Oncology online). All randomised patients (intent-to-treat population) were included in the efficacy analyses; 332 were included in the safety population. Patient baseline demographics and disease characteristics were well balanced between the two treatment arms (Table 1) .
At data cut-off (19 September 2018, after a median follow-up of 6.4 months), two patients in the afatinib group remained on treatment; all other patients had permanently discontinued treatment, mostly because of disease progression. Ninety-five percent of patients in the afatinib group and 76% of patients in the methotrexate group had received at least 80% of the assigned drug.
At data cut-off, PFS by independent review was significantly improved with afatinib versus methotrexate (HR 0.63; 95% CI 0.48-0.82; P ¼ 0.0005; median 2.9 versus 2.6 months, respectively; Figure 1A ). PFS rates were 58% versus 41% at 12 weeks, and 21% versus 9% at 24 weeks. Results were consistent when assessed by investigator review (supplementary Figure S2 , available at Annals of Oncology online), and across most major prespecified subgroups ( Figure 1B ). There was no significant difference in OS between the groups (HR 0.88; 95% CI 0.68-1.13; P ¼ 0.32; supplementary Figure S3 , available at Annals of Oncology online).
The ORR was 28% with afatinib and 13% with methotrexate [odds ratio (OR) 2.76; 95% CI 1.47-5.18; P ¼ 0.0016; Figure 2A ]. Results were consistent across prespecified patient subgroups ( Figure 2B ). A !50% decrease in tumour size was observed in 17% and 8% of patients, respectively ( Figure 2C ). Median duration of response was 2.8 and 4.0 months with afatinib and methotrexate; 22% and 7% of patients had a response duration of !24 months ( Figure 2D ). 7% and 3% of patients in the afatinib and methotrexate groups, respectively, continued treatment beyond progression.
Most patients in the afatinib and methotrexate arms filled out both QLQ-C30 and QLQ-HN35 questionnaires at each visit (95.2% versus 93.8% at randomisation; 69.1% versus 63.3% at end of treatment). More afatinib-treated patients than methotrexate-treated patients reported improvements in QLQ-C30 global health status/quality of life (40% versus 23%) and Table S2 , available at Annals of Oncology online); 16% and 23%, respectively, were drug-related ( Table 2 ). The most frequent grade !3 drug-related AEs were rash/acne (4%), diarrhoea (4%), and stomatitis (3%) with afatinib, and anaemia, fatigue and leukopenia (all 5%) with methotrexate ( Table 2) . Drug-related AEs led to dose reductions in 22% and 29% of patients in the afatinib and methotrexate groups, respectively (supplementary Table S3 , available at Annals of Oncology online), and to discontinuation in 11% and 17% of patients.
Serious AEs occurred in 40% and 35% of patients treated with afatinib and methotrexate; these were considered drug-related in 8% and 15% of patients, respectively. Fatal AEs occurred in 23% and 11% of patients; of these, two deaths (<1%) in the afatinib group (hypoglycaemia and lung infiltration/pneumonitis) and four (4%) in the methotrexate group (lung infection, pneumonia, respiratory failure, and tumour haemorrhage) were considered drug-related. In the afatinib group, most fatal AEs were considered related to disease progression (n ¼ 28). Most fatal AEs (77% and 82% in the afatinib and methotrexate groups, respectively) occurred after termination of treatment. The rate of fatal AEs adjusted by time at risk was 0.51 event/patient year for afatinib and 0.43 event/patient year for methotrexate.
Among the patients who discontinued study treatment, 32% of the afatinib-treated patients and 38% of the methotrexate-treated patients received subsequent anticancer therapy (supplementary Table S4 , available at Annals of Oncology online).
Discussion
This study demonstrated a significant, clinically meaningful, improvement in PFS with afatinib versus methotrexate in Asian patients with recurrent/metastatic HNSCC. Importantly, PFS benefit was generally consistent across prespecified patient subgroups and over time. While the difference in median PFS between the two treatment groups was numerically small (2.9 
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Annals of Oncology versus 2.6 months, respectively), the HR, which summarises the treatment difference over the entire duration of the trial, favoured afatinib [12] . Furthermore, the PFS benefit with afatinib was substantiated by the high response rates and patient-reported HRQoL benefits versus methotrexate. The reduction in risk of progression/death was greater in LUX-Head & Neck 3 than LUX-Head & Neck 1. While there was no significant difference in OS with afatinib versus methotrexate, the study was not powered to detect an OS benefit.
In this study, the p16 status of tumours was not available for over 60% of patients. Nevertheless, based on available data, a high proportion of patients had p16-negative tumours, as expected for an Asian population, indicating low rates of HPVrelated HNSCC [13À15]. Interestingly, HPV-negative disease has been associated with EGFR amplifications [16] , suggesting HPV-negative patients may derive particular benefit from EGFRtargeted therapy. The PFS benefit in p16-negative patients seen here is in line with that observed in LUX-Head & Neck 1, albeit based on fewer patients with available p16 status, and is consistent with this hypothesis. In both studies, particular PFS benefit was also seen in EGFR pre-treatment-naïve patients and those who had not responded to prior platinum therapy. Future approval of immunotherapeutic drugs in a first-line setting will likely increase the proportion of patients who are EGFR pretreatment-naïve at the onset of second-line treatment.
Owing to the potential impact of HNSCC on basic activities such as breathing, swallowing and speaking, effective, and prolonged tumour reduction is particularly important [17, 18] . Although direct cross-trial comparisons are not possible, given differences in study populations and design, the ORR with afatinib (28%) was of interest in the context of other monotherapy studies in the second-line setting, where rates of 4%-14% are common with single-agent methotrexate, paclitaxel, and cetuximab [19, 20] . Furthermore, while both pembrolizumab and nivolumab have demonstrated significant OS benefit versus standard care in this setting, the ORR was only 15% and 13%, respectively, although median duration of response was considerably higher than observed with afatinib in the current study [4, 5] . Of note, the ORR with afatinib was higher than seen in LUX-Head & Neck 1 (10%), possibly reflecting differences in the proportions of p16-negativity and EGFR pre-treatment [6] . Indeed, in LUX-Head & Neck 1, higher ORRs were seen in patients with p16-negative disease (14%) and EGFR pre-treatment-naïve patients (20%) than in the overall population [6] , with an ORR of 28% reported for EGFR pre-treatment naïve patients who also had p16-negative disease [21] .
The improvements in swallowing symptoms and global health status with afatinib further demonstrate the clinical relevance of our findings. While there was no significant reduction in pain symptoms, the reduced use of analgesics with afatinib versus methotrexate is encouraging. While stable scores across the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30 functional and symptom domains were reported with nivolumab in the CheckMate 141 study [22] , as yet, there are limited data on the effects of other targeted therapies on patient-reported outcomes in recurrent/metastatic HNSCC, limiting comparisons of different treatment options.
The safety profile of afatinib was in line with previous clinical experience with afatinib, including LUX-Head & Neck 1 [6] , with the most common AEs (diarrhoea, rash and stomatitis) being EGFR-mediated events. However, few AEs were grade !3, and discontinuations due to AEs were uncommon, suggesting that, per previous clinical experience, they can be readily managed with appropriate treatment and tolerability-guided dose modification. The results demonstrated the feasibility of prolonged afatinib treatment, with a median treatment duration more than double that of methotrexate. While the incidence of fatal AEs was higher in the afatinib group versus the methotrexate group, few of these deaths were considered treatment related. The incidence of fatal AEs considered drug-related was similar to that seen in LUX-Head & Neck 1 (<1% in the afatinib group and 3% in the methotrexate group). The difference in the total incidence of fatal AEs between the afatinib and methotrexate groups in LUX-Head & Neck 3 could reflect the longer duration of exposure with afatinib versus methotrexate.
One potential limitation of our study is the choice of methotrexate as a comparator. However, methotrexate is a globally accepted second-line treatment and is widely used in Asian countries, where the newer anti-PD1 immunotherapies are often unavailable. Furthermore, LUX-Head & Neck 3 was not designed or powered to detect an OS benefit, and many patients will likely have received subsequent therapies beyond second-line treatment, limiting interpretation of the OS results. Finally, owing to the different administration routes, patients and clinicians were not blinded to study group, possibly confounding reporting of AEs.
In summary, LUX-Head & Neck 3 substantiates the previous LUX-Head & Neck 1 study, further demonstrating the feasibility of oral afatinib as a second-line treatment option for patients with recurrent/metastatic HNSCC. These results are of particular relevance for patients in Asian countries, where there are high rates of HPV-negative disease and low rates of EGFR pretreatment. They could also have wider global relevance if immunotherapy agents are approved in the first-line setting [2] , a change that is likely to increase the proportion of second-line patients who are EGFR treatment-naïve. In this regard, further research is needed to evaluate the efficacy of afatinib in the postimmunotherapy setting.
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